Abstract-Physical activity is a major part of the user's context for wearable computing applications. System should be able to acquire the user's physical activities using body worn sensors. We proposed to use the Wii-remote which is a readymade, light weight, small and easy to use device for identifying basic physical activities like lying, sitting, walking and running using decision tree classifier.
I. INTRODUCTION
One of the major scientific undertakings over the past few years has been exploring the interaction between humans and machines in the mobile environment. Research projects have brought forth various possibilities of interaction between humans and computers. Our daily lives are becoming more and more pervasive: we now have very smart devices with high computational power.
We want to develop a physical activity recognition system using minimum amount of sensors which should be able to identify the basic physical activities like lying, sitting, walking, and running.
In our research we want to prove that it is possible by using a 3D accelerometer to specifically identify the four main physical activities i.e. lying, sitting, walking and running for a specific user.
II. RELATED WORK
Since everyone has a different body structure, data collected by an activity measuring sensor would also be different. The device should be able to learn and adapt from an individual's physical activities. We want to identify the users' basic physical activities using only one accelerometer in our research.
Researchers have identified the various physical activities using wearable sensors like sitting [2] , [5] - [7] , standing [2] - [7] , lying [7] , walking [2] - [7] , climbing stairs [2] - [7] , running [4] , [6] - [7] , cycling [4] , [7] , strength-training [7] etc.
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However researchers have identified several activities of interest but they used more than one sensor for this purpose. For example, researchers identified around 20 activities using 5 sensor boards. They identified Walking, Walking carrying items, Sitting & relaxing, Working on computer, Standing still, Eating or drinking, watching TV, Reading, Running, Bicycling, Stretching, Strength-training, Scrubbing, Vacuuming, Folding laundry, Lying down & relaxing, Brushing teeth, Climbing stairs, Riding elevator and Riding escalator using Decision Table, IBL, C4.5 and Naive Bayes algorithms. They placed sensors on the limb positions and on the right hip [7] . Similarly researchers identified 12 activities using 3 sensor boards, they identified Sitting, Standing, Walking, Walking up stairs, Walking down stairs, Riding elevator down, Riding elevator up, Brushing Teeth [2] , researchers identified 3 activities; Walking, Climbing stairs and Descending stairs using 9 tilt switches using K-means clustering and Brute force algorithms, these sensors were worn just above the right knee [3] .
In our work, we want to use only one 3D sensor to identify few activities that is Sitting, Lying, Walking and Running. That is why we used accelerometer sensor of the Wii remote device because it is a readymade device and we did not want to spend our time for the hardware design. We implemented the application in Java which used to log the accelerometers values of Wii remote [8] into the system.
III. HYPOTHESIS
The acceleration measured by a 3 axis accelerometer (X,Y,Z) at a specific point (backbone), indicates which activity the person is performing (lying, sitting, walking and running), using decision tree classifier.
IV. EXPERIMENTAL METHODOLOGY
This section describes the approach we adopted. It introduces the experimental set-ups, including the number and placement of sensors and the gathered data in detail.
A. Experimental Setup
In order to identify the physical activities, we used a Wii remote [8] during the lab testing and asked our testers to wear it around their backs as shown in Fig. 1 .
The Wii remote was connected to the laptop via blue-tooth. Our application which was running on the laptop and used to log the three accelerations (x, y, z) for the off-line analysis. 1) Setup 1: For our initial tests we recruited five testers. We noticed that it was not easy for the testers to place the device in a fixed position for the whole duration of the tests by just using a belt, sometimes the device dropped down during the tests. It was important to stick the Wii
Recognizing human physical activities with body worn sensors is not a new research field; lot of research has been done in this area. We can identify the users' physical movements using body movement suit [1] , we do have other research projects where researchers identify the users' physical activities using some sensors like [2] - [7] . remote on the same position during the experiment according to our hypothesis. To rectify the problem we built a case for the Wii remote, put it into a case and fixed to a belt as shown in Fig. 2 . This case was reliable and it was fixed on the same position of the testers' body during the whole experiment. 2) Setup-2: We recruited 24 male testers for the second setup. Data from three testers was discarded because their accelerometer's data was not logged completely due to Bluetooth's connectivity problem. The age of the remaining testers ranged from 21 to 34 ( mean 26.38, sd 4.18) and ranged in BMI(body mass index) [10] from 19.7 to 38.4 (mean 25.65, SD 4.28). We asked our testers to perform the activities (lying, sitting, walking and running) twice. Each activity took them one minute. We continuously observed our testers while conducting the experiments and noted down the activity and starting/ending time of each activity. It was a lab testing and our testers had almost the same position while lying and sitting. For walking/running; they used to walk/run on the corridor from one end to another end with constant speed.
V. DATA GATHERING RESULTS
Basically, our testers were supposed to do four physical activities (lying, sitting, walking and running) and each activity took those sixty seconds to complete. The Wii remote reads around 100 values (X, Y, Z) per second. We got (100X60X4) 24,000 instances for each data-set. At the end we had two data sets from each tester. We separated datasets with the help of time stamp which was also mentioned it in the log file. Each dataset contained all the required physical activities. One dataset represented the training data and other dataset was used for test data.
We applied the decision tree 'J48' classifier using weka toolkit [9] on the training dataset. It correctly classified instances from 92.74% to 98.9% (average: 96.61%, SD: 1.63). We built the model for each tester separately. Later, we applied the model on the test data in order to predict the physical activities and compared the machine's predictions with the actual values.
We got 100 values(X, Y, Z) from the Wii remote for each second, we also got 100 predictions for each second. We wanted to have a single prediction for each second.
During the training of each tester's data, the classifiers successfully classified X % instances. This 'X' figure was used as our threshold for the confidence values of the classifier during testing, implying all instances which had a lower confidence value than our threshold were discarded. From this reduced subset of instances, the activity with the maximum number of instances was chosen. This resulted in a single value for each second, instead of the 100 values that are received from the Wii remote every second, leading to a much easier analysis of the experiment. Then these single values were compared with the actual values of physical activity to realize the accuracy of our test.
The above description is also explained in the pseudo code: The physical activity with the maximum number of instances was chosen for each second. The results show that our system was able to predict the physical activities with good accuracy.
VI. CONCLUSION
Wii remote's accelerometer sensor was able to recognize a high percentage of the physical activities with the help of the decision tree classifier. Results have shown that one 3D accelerometer sensor is enough for identifying a few physical activities (Sitting, Lying, Walking and Running). For every user, the system needs to be trained with the sensor data so that it would be able to predict the physical activities using Wii remote. This prototype is a proof of the concept and our results show that only one 3D accelerometer sensor can identify the above mentioned physical activities of any kind of BMI (body mass index) and age. Accelerometer sensor has to be fixed properly on the backbone of the tester in order to predict the tester"s movements successfully.
VII. FUTURE WORK
We will put the accelerometer sensor on other parts of the body in order to identify some other physical activities and we will use it for online machine learning. 
